In a recent paper in the American Journal of Botany, F. H. SMITH (7) has given an interesting account of the contractile roots of Brodiaea lactea. These show features that clearly differentiate them from the ordinary monocotyledonous types of contractile root which the work of RIMBACH (4, 5, 6) has made familiar. In the latter types the stele remains straight, owing to the fact that the taut contractile tissue lies just outside it. The cells of this active tissue, the inner cortex, grow wider and shorter, as described by DE VRIES for other types (13) . Room for their transverse growth is obtained in many cases by progressive collapse of the outer cortical cells. In Brodiaea lactea the outer cortex does not collapse in this way and in the later stages of contraction the stele becomes greatly distorted, which shows that the tissue immediately surrounding it cannot be actively contracting and so longitudinally taut. According to SMITH'S account it seems that there may be two phases of contraction, the first, during which the stele remains straight, brought about in the ordinary way by growth contraction of the cortex while the root is still swelling; the second, after swelling is complete, involving the distortion of the stele and progressive collapse of transverse zones of the cortex.
The alternation of turgid with collapsing transverse zones parallels in so remarkable a way the phenomena described by the writer for the Dicotyledon, Oxalis incarnata (9) , that it seems worth while to draw attention to the similarity and to suggest that the explanation offered of the mechanism of the one may be applicable to the other.
SMITH'S explanation of the later phase of contraction is not convincing. He appears to attribute it to the distortion of the stele in consequence of the unequal distribution around it of turgid growing cells exerting on it unequal lateral pulls. The turgid layers, owing to the loss of turgor of layers above and below, are released from vertical pressure, round off and so diminish their transverse dimensions and pull on the stele. If this were the explanation the stele would be under longitudinal tension. Transverse components of this tension would be borne by the turgid tissue pulling on the convexities of the stele. If, however, the stele is compressed during the first phase of contraction, it is less likely to offer resistance to extension. Besides, a glance at the violence of its distortion makes it impossible to regard it as a taut cord. SMITH refers to the tearing of the tissue just out-side the stele and states that it is mostly the collapsed cells that are torn loose. His fig. 7 , however, shows that tearing is not confined to them.
The salient facts for an understanding of the mechanics of the situation are the following: (1) The stele is being distorted under longitudinal compression: the tearing of the inner cortex seems adequately accounted for as consequential upon this distortion. (2) The turgid transverse layers "round off again, increasing somewhat in length and decreasing in their radial and tangential measurements. Thus from this stage on, as the root contracts, the diameter of the root as a whole decreases." That is, the volume of the root is diminishing by longitudinal and to a smaller extent by transverse contraction, so that sap must be passing out of it-mainly it is clear, from the collapsing cells.
The parallel with Oxalis incarnata is very close. In both cases the contraction overcomes the resistance of a central core, including lignified elements, which yields by violent distortion. In neither can any tissue be found which has the continuity essential to an active contractile tissue, which must be capable itself of bearing longitudinal strain. In both cases transverse zones of collapsing tissue determine that the diminution of volume shall affect mainly' the length of the organ, while intervening turgid zones prevent transverse collapse.
The explanation of the contraction thus turns on the evacuation of the collapsing cells. (Cf. 9, pp. 575-576.) If these cells lose their protoplasm, as they do in Oxalis incarnata, and no longer retain their solutes, the existence of a water-deficit elsewhere in the plant will lead to a withdrawal of their water. In a transpiring plant this is the normal condition. Very rarely can the cells of land plants be fully turgid. The maintenance of the transpiration stream ordinarily involves the maintenance of a gradient of water deficit and a gradient of suction pressure (1, 3, 7, 10, 11, 12) .
If now we imagine that a living cell in equilibrium with its neighbors, i.e. with equal suction pressure (10) , is replaced by a cell-wall full of pure water, the equilibrium is disturbed. The wall of this cell will not be osmotically distended; the osmotic pressure of the contained liquid is nil; the suction pressure, the measure of its power to absorb or retain water, is zero. It will yield water, therefore, to the neighboring cells. The For equilibrium now between living and dead cells P1 -H1 = Pd -Hd, i.e. P1-W1-A=O-Hd=Cd, or S1=Cd+A.
The significance of this is, that if a cell loses protoplasm and solutes it will retain its water and resist collapse only if its wall is capable of withstanding a pressure difference, acting inwards, equivalent to the suction pressure of the neighboring cells. Actually, this pressure, up to the value of an atmosphere, is the external pressure of the atmosphere unbalanced by an equivalent hydrostatic pressure within the cell; beyond one atmosphere it is atmospheric pressure acting outside together with a cohesion tension pulling on the inside.
If the dead cell contains, not water, but a solution, as at first it probably does, Pd is not zero and the equations require modification accordingly. An important difference between dead and living cells is then that the former (assuming the wall completely permeable to the solutes) will not be turgid and the full osmotic pressure of its sap will be active, unbalanced by any turgor pressure. Equilibrium would require that SI = Pd.
Clearly, therefore, before the dead cell reaches a state of complete collapse the solutes must be completely removed.
Applying these considerations to the contractile root of Broditaea lactea, we conclude that the progressive collapse of the yielding layers requires the progressive removal of their sap solutes. The withdrawal of water follows so long as the plant is not fully turgid. In so far as the tissues of the root are continuous and free from air-spaces, the pressure differences and, ultimately, cohesion tension will not act directly on the walls of the collapsing cells themselves but on the surfaces of the root (external or internal) in contact with the air. As DIXON has emphasized by reference to a model recently (1), a water deficit acts throughout the plant as if a reduced pressure or a tension were acting on all its surfaces, tending to compress the plant. Living cells withstand the pressure osmotically and their suction pressure is a measure of the compressing force they have to withstand. Dead cells, with permeable membranes allowing the escape of their solutes, or having yielded their solutes before death, can only avoid collapse in so far as their walls are rigid enough to withstand the compression or are protected by other structures taking the mechanical strain. In the case under consideration, the periderm and the stele are such structures offering resistance to longitudinal compression; and in proportion as the walls of the collapsing cells are weak, these tissues are left to bear the brunt of the compressing force.
The limits to the actual magnitude of this force in any particular case will depend upon the water balance of the plant when contraction is taking place. There is no reason to doubt its adequacy to produce all the deformations observed, seeing that it has generally to be measured in atmospheres. Although the experimental difficulties would be considerable, it should be possible to measure the force of contraction directly; but so far it seems that no one has made the attempt. 
